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UQUID CRYSTAL DISPLAY DEVICE 
FIELD OF THE INVENTION 
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liquid crystal device of this kind, the visual-angle 
characteristics of the mu I t i -doma i n s compensate for each 
other, as a result of which the characteristic is improved. 

Multi-domain alignment methods are described in the 
specifications of Japanese Patent Kokai Publication JP-A- 
Nos. 7-318940, 8-292423, 9-80399, 9-304757 and 9-21913. 
These examples of the prior art place surrounding walls 
about a pixel and regulate the al ignment of the wa I I surfaces 
to thereby realize an alignment that is symmetrical with 
respect to an axis perpendicular to a plate (substrate) at 
the center of the area surrounded by the walls. Mu I t i - 
domain alignment is achieved as a result. Alternatively, 
protruding and recessed portions having axial symmetry with 
respect to the above-mentioned axis of symmetry are formed 
to correspond to the pixel, whereby similar multi-domain 
alignment is achieved. The art set forth in the 
specification of Japanese Patent Kokai Publication JP-A- 
8-292423 will be described with reference to Fig. 6. Fig. 
6 is a sectional view showing one pixel of a conventional 
liquid crystal display device. As shown in Fig. 6, walls 
23, 24 each comprising a resist or the like are formed on 
a plate 1 so as to surround a pixel electrode 22, and a 
recessed portion 25 consisting of a resist film is formed 
between the walls 23 and 24. A c o u nt e r e I ec t r od e 26 is 
provided on a plate 2 on the opposite side of the device, 



and a projecting portion 27 is formed on the 
countere I ect rode 26. The plates 1, 2 are arranged to oppose 
each other in such a manner that the recessed and projecting 
portions 25, 26 will have common axes of symmetry. If the 
gap between the plates 1 f 2 is filled with a mixture of at 
least liquid crystal and a hardening resin and the liquid 
crystal and hardening resin are caused to undergo phase 
separation, a liquid crystal area will develop in such a 
manner that the liquid crystal precipitates in the recess 
25 or surrounds the protrusion 27. When this occurs, the 
liquid crystal molecules in the vicinity of the recess 25 
or in the vicinity of the protrusion 27 become oriented with 
axial symmetry, such as in radiating form or in the form of 
concentric circles, with the axis being perpendicular to the 
p I ates. 

SUMMARY OF THE DISCLOSURE 

In the course of investigations toward the present 
invention, various problems have been encountered. 
Particularly a number of problems arise with the example of 
the prior art described above. 

A first problem is that distribution of spacers 
(spheres etc.) generally used to maintain the panel gap 
between the plates is inappropriate. The reason for this 
is that the presence of spacers in the pixel areas tends to 
provide nuclei resulting in poor liquid crystal alignment, 



thereby greatly degrading the display characteristic. In 
contrast, if the spacers would be provided at portions where 
there are no pixels in order to avoid the problem of poor 
alignment, this increases the number of process steps. 

A second problem is the requirement of process steps 
for mixing the hardening resin with the liquid crystal and 
causing phase separation and curing after the panel is 
filled. As a result, process load for forming the liquid 
crystal alignment is great. 

Accordingly, an object of the present invention is to 
provide a multi-domain alignment liquid crystal display 
device in which regulation of the alignment of liquid 
crystal molecules is carried out through a simple process 
and panel gap can be maintained in stable fashion. 

According to a first aspect of the present invention, 
there is provided a novel active-matrix liquid crystal 
display device. The device comprises generally first and 
second transparent insulating plates arranged to oppose 
each other, the first plate having disposed thereon a 
plural ity of scanning I ines and a plural ity of signal I ines, 
thin-film transistors provided in the vicinity of 
intersections between the scanning lines and signal lines, 
and pixel electrodes connected to the thin-fi Im transistors, 
the second plate having a black matrix provided with 
openings at areas that oppose the pixel electrodes, a color 
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layer and counter e I ect r odes provided so as to oppose the 
pixel electrodes, a liquid crystal sandwiched between the 
opposing first and second plates being control led by voltage 
impressed across the pixel electrodes and countere I ect r odes. 
5 Further an orientation layer is provided on the pixel 
electrodes of the first plate via an insulating film, the 
orientation layer being formed into a curved surface and 
causing molecules of the I iquid crystal to become oriented 
in a direction normal to the curved surface of the 
: ff, 10 orientation layer, and columnar spacers for regulating 
; s 2 panel gap are provided between the two opposing plates. 

iIr Particularly, each pixel is provided with one spacer. 

q In the first aspect of present invention, each 

f H columnar spacer has an end portion on one side thereof that 

15 preferably is disposed approximately at the center of the 
orientation layer formed on the first plate. 

In a case where the orientation layer formed on the 
first plate defines a cavity recessed toward the side of the 
first plate in a cross section taken along a normal to the 
20 plate, the diameter of the columnar spacer becomes 
progressively smaller in the direction toward the second 
plate. 

In a case where the orientation layer formed on the 
first plate defines a protrusion directed toward the side 
25 of the second plate in a cross section taken along a normal 
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to the plate, the diameter of the columnar spacer becomes 
progressively larger in the direction toward the second 
plate. 

According to a second aspect of the present invention, 
5 there is provided an active-matrix liquid crystal display 
device generally comprising first and second transparent 
insulating plates arranged to oppose each other, the first 
plate having disposed thereon a plurality of scanning lines 
! '3 and a plurality of signal lines, thin-film transistors 

!;5 10 provided in the vicinity of intersections between the 
! a "\ scanning lines and signal lines, and pixel electrodes 

i=P connected to the thin-film transistors, the second plate 

; <~ having a black matrix provided with openings at areas that 

; ; y oppose the pixel electrodes, a color layer and 

i t {3 15 counterelectrodes provided so as to oppose the pixel 
electrodes, a liquid crystal sandwiched between the 
opposing first and second plates being control led by voltage 
impressed across the pixel electrodes and counterelectrodes. 
Further, the pixel electrodes on the first plate and an 
20 orientation layer formed on the pixel electrodes define 
curved surfaces, and columnar spacers for regulating panel 
gap are provided between the two opposing plates. 

In the second aspect of the present invention, the 
alignment (orientation) layer is formed, e.g., by oblique 
25 vapor deposition of SiO t and molecules of the I iquid crystal 



are oriented substantially at right angles to the plane of 
the plate. 

Each of the columnar spacers has an end portion on one 
side thereof that preferably is disposed approximately at 
the center of the pixel electrode formed on the first plate. 

In a case where the pixel electrode formed on the first 
plate defines a cavity recessed toward the first plate in 
a cross section taken along a normal to the plate, the 
diameter of the columnar spacer becomes progressively 
larger (or smaller) in the direction toward the second 
plate. 

In a case where the pixel electrode formed on the first 
plate defines a protrusion directed toward the second plate 
in a cross section taken along a normal to the plate, the 
diameter of the columnar spacer becomes progressively 
smaller (or larger) in the direction toward the second 
plate. 

According to a third aspect, there is provided a 
multi-domain alignment active-matrix liquid crystal 
display device comprising; first and second transparent 
plates arranged to oppose each other; a I iquid crystal being 
sandwiched between the first and second plates, and pixel 
electrodes disposed on one of the plates and 
counte r e I ect r odes disposed on the other of the plates and 
adapted to apply voltage to the liquid crystal across the 
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pixel electrodes and the countere I ectrodes ; 

wherein an orientation layer is provided on each pixel 
electrode of one of said plates via an insulating film, 
wherein the orientation layer is formed into a curved 
5 or slanted surface so as to orient molecules of the liquid 
crystal in a direction normal to the curved or slanted 
surface of said orientation layer, and 

wherein columnar spacers are provided between the two 
Q opposing plates for regulating a panel gap between the 

10 plates. 

The columnar spacers are disposed approximately at a 
center of the orientation layer on a pixel. The orientation 
layer defines a cavity recessed toward one of said plates. 
The columnar spacer has a side wall adapted to assist 
15 alignment of the liquid crystal molecules oriented by the 
orientation layer to secure multi-domain al ignment thereof. 
The orientation layer defines a protrusion or recess 
d i rected toward one of said plates. 

According to a fourth aspect of the present invention, 
20 there is provided a multi-domain alignment active-matrix 
I iquid crystal display device comprising I ike components as 
in the third aspect, provided that an orientation layer is 
provided on each pixel electrode of one of the plates, 

wherein the orientation layer and the pixel electrode 
25 are formed into a curved or slanted surface; 
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wherein columnar spacers are provided between the two 
opposing plates for regulating a panel gap between the 
plates. 

According to a fifth aspect, there is provided a 
5 mu 1 1 i -doma i n alignment active-matrix liquid crystal 
display device comprising the components as in the third 
aspect, provided that an orientation layer is provided at 
least on each pixel electrode disposed on one of the plates, 
Q and 

Uj 10 that columnar spacers are provided between the two 

<P opposing plates for regulating a panel gap between the 

plates. 

The columnar spacers have a side wall adapted to 
pre-align molecules of the liquid crystal surrounding each 
15 of the columnar spacers centering thereat. The columnar 
spacers have a diameter varying along its axis. The 
columnar spacers have a diameter decreasing or increasing 
toward one end thereof. 

The side wal I is adapted to pre-al ign molecules of the 
20 liquid crystal, e.g., substantially parallel to the side 
wall. The orientation layer is formed into a curved or 
slanted surface so as to orient molecules of the liquid 
crystal in a defined direction normal to the curved or 
slanted surface of the orientation layer. 
25 The curved or slanted surface is formed into a recess 
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or protrusion. 

Other features and advantages of the present 
invention will be apparent from the following description 
taken in conjunction with the accompanying drawings, in 
which like reference characters designate the same or 
similar parts throughout the figures thereof. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing one pixel of a 
liquid crystal display device according to a first 
embodiment of the present invention; 

Fig. 2 is a plan view showing one pixel of a liquid 
crystal display device according to the first embodiment of 
the present invention; 

Fig. 3 is a sectional view showingone pixel of another 
structure of a liquid crystal display device according to 
the first embodiment of the present invention; 

Fig. 4 is a sectional view showing one pixel of a 
liquid crystal display device according to a second 
embodiment of the present invention; 

Fig. 5 is a sectional view showing one pixel of another 
structure of a liquid crystal display device according to 
the second embodiment of the present invention; and 

Fig. 6 is a sectional view showing one pixel of a 
liquid crystal display device according to the prior art. 

Figs. 7 and 8 schematically illustrate the principle 
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of multi-domain alignment according to the present 
invention, respectively. 

PREFERRED EMBODIMENTS OF THE INVENTION 

In a preferred mode of a multi-domain al ignment I iquid 
crystal display device, as shown in Fig. 1, a first plate 
1 has a thin-film transistor provided at each point of 
intersection of a scanning line and signal line, a pixel 
electrode 8 connected to the thin-film transistor and an 
orientation layer 10 formed on the pixel electrode and 
defining a curved surface, a second plate 2 has three types 
of color layers 13 that corresponding to the three colors 
R, G, B, an count e re I ect rode 14 provided so as to oppose the 
pixel electrode 8, and an orientation layer 11, a columnar 
spacer 12 for regulating the panel gap is provided between 
the two opposing plates 1, 2, and liquid crystal is 
sandwiched between the two plates and subjected to 
multi-domain alignment by the orientation layer 10 having 
the curved surface and the columnar spacer. 

Fig. 7 schematically illustrates the concept of the 
columnar spacer disposed at the center of the pixel 
electrode between two opposing electrodes (pixel- and 
countere I ect rodes) . By the provision of the columnar 
spacer the molecules of the liquid crystal in a region 
surrounding the spacer are pre-aligned in the direction 
marked by arrows. The basic (or background) orientation is 
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determined by the orientation layers. In this case the 
orientation layers opposing each other orient the molecules 
of I iquid crystal substantial ly normal to the surface plane 
of the orientation layer. The orientation direction of the 
orientation layer may be controlled by, e.g., oblique 
deposition technique of certain material, e.g., SiO which 
causes oblique orientation to the orientation layer. In 
Fig. 7, the flux lines generally represent the basic 
orientation caused by the orientation layers. 

The columnar spacer may or should have specific 
alignment properties of the liquid crystal molecules, 
either paral lei, perpendicular or at angular relation to the 
side wall surface. The alignment properties may be 
determined and/or further emphasized by the dimensional 
shape or configuration and/or the nature of the material 
(al ignment property, e. g. , perpendicular or paral lei to the 
surface thereof). 

Fig. 8 schematically represents the basic concept of 
the combination of the curved orientation layer 12 and the 
columnar spacer. The flux lines represent the background 
orientation caused by the orientation layers 11 and 12, in 
which the orientation is established perpendicular to the 
layer surface. The columnar spacer, being disposed at the 
center of the recess, further stabilizes the background 
orientation surrounding the spacer to give multi-domain 
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pre-a I i gnment for one unit area (e.g., pixel). 

If this alignment state is viewed from the top of the 
layer 11 t there are observed optical mu I t i -doma i ns centered 
at the spacer for one pixel area. 

This pre-aligned multi-domain formulation of the 
liquid crystal molecules provides a uniform gradation or 
tone of each pixel irrespective of the angle of view, i.e. , 
in a wide angle of view. 

Preferred embodiments of the present invention will 
now be described in detail with reference to the drawings. 

[First Embodiment] 

A liquid crystal display device according to a first 
embodiment of the present invention will be described with 
reference to Figs. 1 to 3, in which Fig. 1 is a sectional 
view showing one pixel of a liquid crystal display device 
according to the first embodiment, Fig. 2 a plan view of the 
one pixel and Fig. 3 a sectional view showing one pixel of 
a liquid crystal display device in which the shape of the 
curved surface of an orientation layer differs from that of 
Fig. 1. 

A method of manufacturing the liquid crystal device 
of the first embodiment will be described with reference to 
Figs. 1 and 2. First, a gate electrode 3 and gate wiring 
18, which comprise a single layer or multiple layers of a 
metal such as Cr or ITO, are formed on the transparent plate 
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1 such as glass by a process such as sputtering and a 
photoresist step, and a gate insulating film 4 comprising 
the two layers of si I icon oxide and si I icon nitride is formed 
on the gate electrode and gate wiring by a process such as 
CVD. A semiconductor layer 5 comprising amorphous si I icon 
(a-Si, n+a-Si) is then formed by a processing (vapor 
deposition technique) such as CVD and a photoresist step, 
and a drain electrode 6, source electrode 7 and drain wiring 
19, which comprise a single layer or multiple layers of a 
metal such as Cr or I TO t are formed by a process such as 
sputtering and a photoresist step. The steps described 
thus far form the drain wiring, gate wiring and a switching 
element. The wiring layer may extend in a direction 
substantially in agreement with the direction of a 
transmission axis of a polarizer provided on the first or 
second plate. 

Next, the pixel electrode 8 comprising a transparent, 
electrically conductive film such as ITO is formed by a 
process such as sputtering etc. and a photoresist step. A 
recess is formed on the pixel electrode 8 by a transparent 
insulating film 9. Specifically, acrylic resin or 

polyimide resin, for example, is used as a thermoplastic 
material, a portion having a comparatively large film 
thickness is formed on the pixel electrode 8 by a photoresist 
process, and then the obi ique (or curved) surface and bottom 
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of the recess are formed utilizing the thermoplasticity of 
the material. Next, the orientation layer 10 comprising a 
transparent insulating film which causes liquid crystal 
molecules to align perpendicular to the film surface is 
formed on the insulating film 9. Specifically, polyimide 
resin SE-121 (manufactured by Nissan KagakuK.K.) is applied 
to the insulating film 9 and the polyimide resin is heated 
(cured) under conditions that will suppress the 
ther mo plasticity of the insulating film 9, thereby forming 
the orientation layer 10. 

The columnar spacer 12 comprising an insulating film 
is formed substantially at the center of the recess. The 
columnar spacer 12 preferably is made of a material that wi I I 
cause the liquid crystal molecules to align parallel to the 
surface of the spacer, and it is desired that the side 
surface of the spacer 12 be slanted or inclined. The 
direction of inclination is decided so as to agree with the 
direction in which the liquid crystal molecules are caused 
to slant by the recess. In this embodiment, it is preferred 
that the inclination of the side surface of the spacer 12 
be such that the diameter (cross section) of the spacer wi I I 
broaden in the direction toward the plate 1. Specifical iy, 
a column with vertical (upright or straight) side walls is 
formed from photosensitive acryl ic resin or polyimide resin 
by a photoresist process. Then, when the column is heated 
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for curing, the temperature is raised gradual ly to form the 
inclined surface (side wall). It is required that this 
process be performed under conditions that wi I I suppress the 
the rmop I ast i c i ty of the insulating film 9 so as to finally 
form the desired inclination. 

The structure of the plate 2 on the opposite side of 
the device will now be described. If the device presents 
a color display, the color layers 13 are formed on the 
transparent plate 2, which consists of glass or the like. 
A transparent electrically conductive film and the 
counte r e I ect r ode 14, which comprises ITO, are formed on the 
color layer(s) 13 as by sputtering. Next, the orientation 
layer 11 comprising a transparent insulating film which 
orient the liquid crystal molecules to align perpendicular 
to the film surface is formed on the countere I ect r ode 14. 
Specifically, the orientation layer 11 is formed using 
polyimide resin SE-121 (manufactured by Nissan Kagaku 
K. K. ) . 

Next, the plates (substrate) 1 and 2 with their 
orientation layers opposing each other are disposed 
substantially in parallel with a fixed spacing maintained 
between them by the columnar spacer 12, and the gap between 
them is filled with a liquid crystal material whose 
dielectric anisotropy is negative. The material used is 
MLC-6608 (Merck). In this embodiment, adding a hardening 
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resin to the liquid crystal material is unnecessary. 
However, hardening resin may be added if desired, as set 
forth in Japanese Patent Koka i Publication JP-A-8-292423 , 
(the entire disclosure thereof being incorporated herein by 
r ef e rence. ) 

Optical films 15, 16 are affixed to the outer-side 
surfaces of the plates 1 and 2. The optical films 15, 16 
each comprise a polarizer or a combination of a polarizer 
and an optical compensation film. The polarizers affixed 
to the plates are arranged in such a manner that the light 
absorption axes thereof are orthogonal to each other. 

In the embodiment described above, a recess is formed 
by the insulating film 9. However, a protrusion may be 
formed by the insulating film 9, as illustrated in Fig. 3. 
In this case the columnar spacer 12 is formed on the plate 
2 and it is preferred that the columnar spacer 12 be formed 
in such a manner that its side surfaces be inclined in a 
direction that narrows the spacer in the direction toward 
the plate 1. Other components are the same as those shown 
in Fig. 1 . 

Though the planar structure of the pixel electrode 8 
may be rectangular in general, a circular or oval shape is 
preferred if matching with the recess or protrusion is taken 
into consideration. It is also possible to adopt a 
composite shape such as the combination of rectangular and 
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circular shapes shown in Fig. 2. 

In terms of operation of the present Embodiment the 
following explanation is given. Now referring to Fig. 1 , 
the pixel surface of the plate 1 defines a recess. In the 
initial state, which is devoid of applied voltage, the 
liquid crystal molecules are caused to orient generally 
perpendicular to the surface of the recess by the 
orientation layer 10. Accordingly, since the direction of 
an electric field produced when a potential difference 
develops across the pixel electrode 8 and count e re I ect rode 
14 is substantially perpendicular to the surfaces of the 
plates, the direction of orientation of the liquid crystal 
molecules in the initial state tilts relative to the 
direction of the electric field. 

This direction of tilt agrees with the direction of 
tilt of the liquid crystal molecules oriented parallel to 
the surface of the columnar spacer 12. Since the liquid 
crystal molecules exhibit negative dielectric anisotropy, 
they ti It in a direction perpendicular to the electric field 
when voltage is applied. In other words, the tilt is 
increased further in the initial direction of tilt, as 
indicated by the I iquid crystal molecules 17 in Fig. 1. The 
t ransm i ttance of transmitted light is controlled by the 
angle of tilt. Since the liquid crystal molecules in one 
pixel tilt with the columnar spacer 12 (i.e., the axis 
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a process the same as that used to fabricate the source 
electrode 7. In such case, use of a I i gh t ~b I oc k i ng 
electrical ly conductive fi Im may be contemplated. How ever, 
a decline in transmi ttance can be suppressed by making the 
direction in which the wiring 20 extends agree with the 
direction of the light transmission axis of the polarizer 
as much as possible. Furthermore, by achieving electrical 
communication with the pixel electrode 8 at the bottom of 
the recess, it is unnecessary to separately provide an 
opening to effect such communication. This makes it 
possible to hold down any increase in the process load. 

Fig. 5 illustrates a variant case in which the 
insulating film 9 is made a protrusion instead of a recess. 
Similar effects can be obtained with this arrangement as 
well. Further, in Fig. 5, the i n su I at i ng f i I m 9 isprovided 
with a opening by a photoresist step in order to establish 
electrical communication between the source electrode 7 and 
the pixel electrode 8. However, depending upon the shape 
of the insulating film 9, the two electrodes can be 
communicated directly without forming an opening. 

The present invention provides the effects described 

be I ow. 

The first effect is that the direction of alignment 
of the liquid crystal molecules can be regulated stably. 
The reason for this is that the columnar spacer is formed 
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As many apparently widely different embodiments of 
the present invention can be made without departing from the 
spirit and scope thereof, it is to be understood that the 
invention is not I imited to the specific embodiments thereof 
except as defined in the appended claims. 

It should be noted that other objects and aspects of 
the present invention will become apparent in the entire 
disclosure and that modifications may be done without 
departing the gist and scope of the present invention as 
disclosed herein and appended herewith. 

Also it should be noted that any combination of the 
disclosed and/or claimed elements, matters and/or items may 
fall under the modifications aforementioned. 



